Conclusions: These electrophysiological findings sug gest subclinical damage to the inner retinal layers, but not involving the photoreceptors, in eyes with FHC.
Fuchs' heterochromic cyclitis (FHC) accounts for approximately 3 % of the total cases of uveitis.! Although various theories have been proposed its aetiopathogenesis remains unknown. The clinical spectrum may be a secondary response to a variety of different aetiological agents? with the triggering stimulus being possibly immunological,3-5 infec tious, 2 ,6-1 0 or a combination of both. Anterior segment features have been well described, including characteristic stellate keratic precipitates, hetero chromia, and iris stromal atrophy. There is an absence of posterior synechiae, and vitreous inflam mation frequently occursY Although retinal changes are unusual, chorioretinal scars resembling ocular toxoplasmosis have been reported in 7.5-60% of patients. 9
Correspondence to: P. The electroretinogram (ERG) is known to provide useful information on retinal function. It can detect retinal damage secondary to vasculitis, uveitis and retinitis. Changes in the potentials arising in the photoreceptors and pigment epithelium may be among the earliest detectable signs of inflammatory eye disease. In intermediate uveitis, electroretino graphy is a valuable complementary test for detec tion of retinal damage, 12 , 1 3 and the pattern ERG (PERG) is a useful indicator of macular abnormal ities.14 We performed electrophysiological testing in a group of FHC patients, in order to further characterise the extent of ocular involvement.
METHODS
Twenty-one patients (9 males and 12 females; age 15-68 years, mean 37.86 years) with unilateral FHC attending the Uveitis Clinics at the Birmingham and Midland Eye Hospital were examined. Eighteen patients were Caucasian and three of Indo-Pakistani origin. The median duration of disease from diag nosis was 35 months (range 11-137 months). All patients had clinical findings consistent with diag nostic criteria proposed by La Hey et al. 1 5 Only patients with visual acuity ranging from 6/5 to 6/9 in the affected eyes were chosen (Table I) . Greater than +1 vitreous opacities in the visual axis was an exclusion criterion.!6 Patients with secondary glau coma were also excluded from the study, to avoid spurious ERG findings. 1 7 Of 21 FHC eyes, 10 (48%) were pseudophakic. These patients had undergone extracapsular cataract extraction with heparin surface modified posterior chamber lens implant at least 3 months previously (range 3-74 months; median 22.5 months). They were no longer on any topical treatment and had minimal inflammatory activity at the time of exam ination. No patient had clinical evidence of post operative cystoid macula oedema (CMO) or sus tained rises in intraocular pressure. All the unaf fected eyes were phakic. All subjects were refracted to their best corrected Snellen visual acuities. Pupillary responses were tested. Slit lamp examination of the anterior segment was performed and intraocular pressures measured. Pattern electroretinography was undertaken fol lowed by pupillary dilation with tropicamide 1 %. Flash ERGs were then recorded, following which a detailed retinal examination was carried out.
Electrophysiological Testing
PERGs were performed using a checkerboard stimu lus of spatial frequency 0.5 cycles per degree (cpd) and 1.0 cpd, reversing at 6 Hz (100% contrast). Appro priate corrective lenses were used during testing. All pseudophakes and patients with lens opacity were excluded when analysing the PERG results.
Flash electroretinography was performed using a standardised Ganzfeld stimulus. The patients were dark-adapted for 35 minutes. Full-field Ganzfeld dome stimulation was used and responses assessed using carbon fibre electrodes in contact with the cornea. Reference electrodes were placed at the outer canthi. As some of the patients had media opacities the intensities used were higher than those recommended by the International Standardisation Committee. i8 Our standard flash under scotopic conditions was therefore 2.8 foot-lamberts. To assess the effects of media opacity, an intense flash of 28 foot-Iamberts was also employed. As the a-wave latency and amplitude are still changing at these stimulus intensities (the b-wave having saturated), the a-waves between the normal and FHC eyes were compared at standard and intense flash. Oscillatory potentials were measured by digitally filtering the standard flash response between 100 and 1000 Hz. Cone and rod oscillatory potentials were identified and analysed. 1 8 Photopic and 30 Hz ERGs were recorded using stimulus intensities of 20 and 5 foot-lamberts respectively, against a background of 20 foot-lamberts.
Our laboratory's reference values show a maxi mum interocular variation of 10% for flash ERG and 20% for PERG (p50 and n95 components). For b wave latency, the normal interocular limit is ±0.8 ms.
Other reference values, based on recordings from 100 normal individuals aged between 15 and 60 years, are shown in Table II . None of these normals was pseudophakic. Statistical analysis was by the paired Student's t test for continuous data and by the Fisher's exact test for categorical data.
RESULTS
Of the 21 eyes with FHC, 11 (52%) were phakic and 10 (48%) pseudophakic (Table I) . Dilated fundo scopy was normal in all 21 patients. Table III shows a comparison of electroretinographic findings between the phakic and pseudophakic eyes with FHC. There was no significant difference between these two groups.
The ERG scotopic a-wave was abnormal in only 5 patients, of whom 3 (60%) had no lens or posterior capsule opacity. The scotopic b-wave was abormal in 9 patients, 6 (67%) of whom had no lens or posterior capsule opacity. In addition, 30 Hz ERG abnormal ities occurred in 6 phakic patients, of whom 5 (83 %) had no lens opacity (Tables I, III, IV) . Lens opacities, if sufficiently dense, cause a neutral-density filter effect with reduction and delay of the a-and b-waves of the flash ERG. 19 As these results suggest tliat media opacities did not significantly affect the flash ERG results, all flash ERG results were analysed.
Flash ERG
There was no significant difference in the mean a wave amplitude or latency between the normal eyes and the eyes with FHC at either stimulus intensity (Table V) . Scotopic b-wave amplitudes were reduced in 9 (43 %) of 21 FHC eyes (Fig. 1) . The mean b wave amplitude of the FHC eyes was significantly reduced compared with the normal eyes. This reduction was to both standard and intense flash stimulation (p = 0.036 and p = 0.021, respectively). Delay of the scotoptic b-wave was noted in 2 (10%) of 21 eyes. There was no significant difference in mean latency of the scotopic b-wave between the FHC eyes and the control group. The 30 Hz ERGs were reduced in 11 (52%) of the 21 FHC patients (Fig. 2) , and delayed in 8 (38%) of 21 FHC eyes. The mean 30 Hz ERG amplitude of the 21 FHC eyes was significantly reduced as compared with normal fellow eyes (p = 0.006). There was no significant difference in mean latency. Oscillatory potentials were reduced in 15 (71 %) of 21 FHC eyes (Figs. 1, 2) . The most marked reductions involved those arising from the cone system. The mean amplitude of the oscillatory potentials was significantly reduced in the FHC eyes compared with the fellow eyes (p = 0.006 for rod system, p = 0.001 for cone system). All eyes with a Opacity (n = 4) reduction in oscillatory potentials also had a reduc tion of PERG to both O.S and 1.0 cpd check stimuli. reduction in amplitude of the PERG to a 1.0 cpd check stimulus to less than 50% that of the normal fellow eye.
Pattern ERG
Visual Acuity (VA) The VA in 8 eyes with FHC was as good as or better than that in the fellow eye (Table I ). The amplitude of the PERG was reduced in 6 of these 8 eyes (75%), 4 of these 6 (67 %) having p50 components of <1 f..L V amplitude. Flash ERG abnormalities occurred in 5 of the 8 eyes (62%). In those FHC eyes with reduced VA as compared with the fellow eye, 8 of 13 eyes (62%) with FHC had reduction of the PERG. Five of these 8 eyes (62 %) had amplItude reduction to <1 f..L V. Flash ERG abnormalities occurred in 10 of the 13 eyes (77%). There was no relationship between reduced V A and ERG abnormalities.
DISCUSSION
Our results show evidence of damage to the inner retinal layers (inner plexiform layer) in FHC eyes with good visual acuities. Martenet and Niemeyerl3 also found a reduction of the flash ERG potentials in eyes with intermediate uveitis and good vision. In FHC they found the flash ERG normal or onlv slightly altered. There is a normal interocul;{r variation in amplitude of the signal of the ERG (mean variation from a normal sample between fellow eyes) but this is usually small. Allowing for this, the reduction in amplitude and delay in the latency of the PERG and the reduction in amplitude of the flash ERG in our study were statistically significant. A major factor that may have affected the ERG results is the presence of media opacity. All patients chosen for the study had good vision (6/5-6/9). Because the uninvolved eyes served as the control group this was considered essential, as it is well recognised that the signal of the photopic ERG is affected by relative brightness of stimulus. Bright, direct light produces faster, higher-amplitude ERGs than those produced by less bright stray light. Accurate focusing of the pattern is also essential in order to obtain an accurate PERG. Lens opacities may have reduced the amplitude of the PERG due to difficulties in focusing the pattern. For these reasons patients were selected to minimise the effects of opacities of the media on the flash ERG and PERG and all pseudophakic patients and patients with lens opacity were excluded when analysing the PERG results. Significant vitreous opacities in the visual axis was also an exclusion criterion and no fundal abnormalities could be detected in any of the eyes studied.
Lens opacities, if sufficiently dense, cause a neutral-density filter effect with reduction and delay of the a-and b-waves of the flash ERG. At the range 107 of intensities used in this study, the a-wave should be more affected by 1 log unit changes in intensity than the b-wave, which saturates at lower intensities than the a-wave? O Any reduction or delay of the a-wave in our results would therefore indicate a significant neutral-density effect, especially if there was a change with change in stimulus intensity. There was, however, no significant difference in the mean a-wave amplitude or latency between normal eyes and the eyes with FHC at either standard flash intensity (SF) or 1 10g>SF. In addition, there was no significant difference in the incidence of flash ERG abnormalities between FHC eyes with V A as good as or better than that in the fellow eye and those with reduced V A as compared with the fellow eye. Opaque media was therefore not considered a significant factor affecting the flash ERG.
Before the results could be attributed to retinal or macular pathology associated with FHC it was necessary to rule out other causes for these changes. Traumatic damage to the eye affects all electro diagnostic tests, but the a-and b-waves of the ERG should only be affected by severe injuries?l Ten (48 %) of 21 eyes in our study were pseudophakic. No patient had undergone Nd:YAG laser capsulot omy. High intraoperative retinal light exposure has been reported as causing substantial reduction of electrophysiological potentials, 2 2 but light protection using the filter on modern operating microscopes and the short operating time required to perform cataract surgery can prevent deterioration of ERG potentials. Cataract extraction may result in post-operative CMO, yet the incidence of CMO in patients with FHC undergoing cataract surgery is negligible, in sharp contrast to the general situation for uveitis patients. 2 3� 2 5 Clinically significant CMO has been defined as a drop in vision from a prior visit of one or more Snellen lines associated with ophthalmoscopi cally visible cystoid changes in the macula or evidence of cystoid changes on fluorescein angiogra phy.26 Although none of our pseudophakic patients had clinically significant CMO, subclinical changes can only be completely excluded by fluorescein angiography. The routine use of this potentially hazardous procedure in these eyes, however, could not be clinically justified. Salzman et al. 27 showed no significant difference in electrophysiological data between aphakic eyes and those with intraocular lenses, but no comparison between phakic and aphakic or between phakic and pseudophakic patients was made. In our study, comparison between phakic and pseudophakic patients showed no significant difference in the ERG.
La Hey et al. 28 reported a high incidence of a positive cellular autoimmune response to retinal S antigen in patients with FHC compared with healthy controls and patients with other types of anterior uveItis. Our electroretinographic findings suggest that patients with FHC may have subclinical retinal damage. Autoimmunity directed against retinal or choroidal antigens has been suggested to play a role in the chorioretinal lesions observed in patients with FHC. 8 . 2 8 It is possible that prior exposure of eyes with FHC to retinal S-antigen results in sensitisation, and induces an autoimmune breakdown of the blood-retinal barrier. Light microscopy has disclosed abnormal hyalinisation and occasionally endothelial proliferation of iris vessel walls, with narrowing of the vessel lumen. 2 8 This may ultimately lead to occlusion, which in turn may result in subclinical damage.
The PERG abnormalities, particularly the reduc tion and delay of p50, indicate preganglionic retinal abnormalities within the macular region in eyes with FHC. Furthermore, the selective reduction of the scotopic b-waves, and the reduced oscillatory poten tials, indicate some abnormality involving the inner retinal layers, including bipolar cells and amacrine cells, especially those involving the cone system. This is further substantiated by the abnormal 30 Hz ERGs. Although 10 of 21 patients (48 %) had some lens or posterior capsule opacity, the normal a-wave rules out any changes in the flash ERG due to opaque media? O Our findings suggest subclinical retinal damage in eyes with FHC, principally involving the macula. There is also evidence of more widespread inflam matory retinal change involving the bipolar and Muller cell layers. The photoreceptors appear to be largely unaffected since the a-wave of the scotopic ERG was usually normal.
